Abstract. This paper presents the technology base and roadmap of the Climate Change Collaboratory, a Web-based platform that aims to strengthen the relations between scientists, educators, environmental NGOs, policy makers, news media and corporations -stakeholders who recognize the need for adaptation and mitigation, but differ in worldviews, goals and agendas. The collaboratory manages expert knowledge and provides a platform for effective communication and collaboration. It aims to assist networking with leading international organizations, bridges the science-policy gap and promotes rich, self-sustaining community interaction to translate knowledge into coordinated action. Innovative survey instruments in the tradition of "games with a purpose" will create shared meaning through collaborative ontology building and leverage social networking platforms to capture indicators of environmental attitudes, lifestyles and behaviors.
Introduction
Despite credible forecasts and warnings from the scientific community about anthropogenic climate change, greenhouse gas emissions have continued to grow. Scientists studying the issue predict more adverse consequences unless stronger actions are taken [1, 2] . From the policy-making level down to personal voting and purchasing decisions, however, the observable actions have not been commensurate with the threat of climate change. We remain far short of undertaking the emission reductions that scientists say are required to forestall dangerous interference in the climate system on which our civilization depends [3, 4] . Although public concern about climate change has risen dramatically in the past few years, a much smaller percentage is actually taking action [5, 6] .
Reasons for this discrepancy include: (1) On the micro level, the widespread perception of climate change as a risk that will predominantly impact geographically and temporally distant people and places [7, 8] ; and the lack of personal efficacy (belief that the own actions will make a difference and one's voice will be heard), a critical motivating factor in behavioral change [9] that can be supported by electronic networking and Web-based applications to share knowledge and coordinate action. (2) On the meso and macro levels, a gap between policies and research needed to promote and support adaptation, and also mitigation (and their interrelation). The overarching goal of our research is to introduce a Climate Change Collaboratory which builds capacity among policy makers, scientists, educators, environmental NGOs, news media and corporations to close this gap and translate increased awareness into behavioral change on the local, regional, national and international levels.
This paper presents the Media Watch on Climate Change (publicy available at www.ecoresearch.net/climate) as well as the technology extensions necessary to build a Climate Change Collaboratory in an effort to promote environmental action and overcome the inhibiting factors outlined above.
Climate Change Collaboratory
The Climate Change Collaboratory is an interdisciplinary initiative to encourage and study discourse and critical debate that lead to a shared understanding of climate change issues on all political levels, ranging from inter-individual communication and local communities to global campaigns and treaties.
The project will focus on collaboration between stakeholders often divided by differing world-views, goals and agendas [9] . Environmental Web resources such as documents and best-practice examples are frequently being created through processes of cooperation and social exchange. They depend on and benefit from a synergy of skills, the dynamic maintenance of shared knowledge, flexible and non-hierarchical portfolios of services, and distributed decision-making. The Climate Change Collaboratory recognizes and supports the social construction of meaning via distributed services that aim to improve the quality of decisions, build trust and help resolve conflicts among competing interest. Therefore, it will provide matchmaking services for ad-hoc team composition and a range of Web-enabled communication and collaboration tools.
Currently, the Media Watch on Climate Change ( Figure 1 ) gathers and annotates documents from multiple sources. Data from international associate partners is enriched by third-party material from news media and environmental blogs. Automated text mining methods identify the attention towards current topics, and compute the sentiment of media sources towards these topics automatically. Due to the complex and dynamic nature of the gathered data, there is significant demand for ontologies to structure the domain knowledge. The Climate Change Collaboratory will have access to the required evidence sources for building such ontologies in multiple languages, which are either publicly available or provided by its associate partners.
The Climate Change Collaboratory will extend the functionality of the existing platform by supporting stakeholder communication and collaboration in a more direct manner. Recent advances in collaborative Web technology are governed by strong network effects and new opportunities to harness collective intelligence. As a result, climate change information spreads rapidly across Web sites, blogs, Wikis, and between users who utilize these services. The Climate Change Collaboratory will capture these rich sources of information to initiate and support stakeholder discourse. We target policy makers and their staff, scientists, educators, environmental NGOs, news media and corporations. These stakeholders will (i) create shared meaning in regards to the underlying concepts, methods, and tools of climate research; (ii) improve their understanding of how others perceive climate change; (iii) build capacity to generate and deliver effective strategies for communicating adaptation and mitigation options, taking into account the dynamic legal and political context; (iv) closing the gap between climate science and public climate literacy; and (v) pool resources with other stakeholders and multiply the impact of their efforts.
Games with purpose [10, 11] for evaluation and content creation will be examined as an innovative and cost-effective means to provide indicators of environmental attitudes, lifestyles and behaviors from very large user groups (visitors from the Web sites of core and associate partners, users of Facebook and other networking platforms, etc.). This automated gathering of intercultural data on climate change knowledge will complement conventional social surveys and shed light on the public awareness of climate change, perceived collective and individual threats, support of adaptation and mitigation efforts, and observable behavioral changes.
The Media Watch on Climate Change benefits from existing resources, both structured and unstructured in nature, and the collective intelligence of the partners' online communities (rather than having to build a new knowledge repository from scratch). The content aggregation and annotation services powering the Media Watch on Climate Change [12] have compiled an archive of contextualized Web documents related to climate change classified by topic and geographic location. This represents a comprehensive source of unstructured data for initializing and maintaining the Climate Change Collaboratory services.
The Climate Change Collaboratory will build on this technology and also considers structured sources such as the GEneral Multilingual Environmental Thesaurus (www.eionet.europa.eu/gemet) which has been developed as an indexing, retrieval and control tool for the European Topic Centre on Catalogue of Data Sources and the European Environment Agency. GEMET was conceived as a general thesaurus, aimed to define a core of general terminology for the environment. Additional evidence sources to be considered are the Global Change Master Directory (gcmd.nasa.gov) of the NASA Goddard Space Flight Center as well as the Semantic Web for Earth and Environmental Terminology (sweet.jpl.nasa.gov/ontology) of the NASA Jet Propulsion Laboratory.
Social Sources will yield demographic data, user-generated content (e.g. reviews or resource annotations), and social relations. All these categories will be used concurrently to gather and validate climate change knowledge. The Climate Change Collaboratory will follow three different approaches to leverage this data: (i) incorporate folksonomies into ontological representations; (ii) use social bookmark services to identify climate change resources for focused crawling, (iii) deploy games with a purpose to interact with users.
Through a combination of social networking sites and addressing users of existing environmental communities, the Climate Change Collaboratory will be able to draw on a huge pool of potential contributors, e.g. more than 250,000 supporters of the WWF Facebook Application and the 40,000 registered WWF Passport users from more than 170 countries, visitors of the NASA Earth Observatory and the NOAA Web Site including its upcoming climate change portal, or the 500 registered users and about 15,000 monthly visitors of the ECOresearch Network.
Utilizing the collective intelligence (integrated analysis of group behavior, preferences and ideas) of these communities will help create shared meaning and encode this meaning in climate change ontologies. Taxonomic relations will be extracted from the aggregated annotations of popular resources by means of statistical clustering [13] and social network analysis [14] .
The Climate Change Collaboratory will use bookmarks gained from social networking sites as a source for ontology building via focused crawling. The social bookmarking site Delicious.com, for example, reports more than 35,000 pages tagged with "climate change". The Climate Change Collaboratory will develop tools to capture this knowledge and integrate it into contextualized archives. Assuming that resources tagged by the same user or supplied with identical tags are semantically related, one can also identify relevant resources using social data. Social networking platforms and social semantic data embedded in Web documents such as FOAF and XFN will help gathering this data.
A component for semi-automated ontology learning from unstructured text has been continually refined over several years [15, 16] . It incorporates a range of methods from statistics, artificial intelligence and natural language processing, including co-occurrence analysis, subsumption analysis, link type detection, Hearst patterns, and spreading activation. It addresses the limited availability of expertise and qualified human resources, which is the bottleneck and costdriver in building environmental ontologies. Automated suggestions and intuitive interfaces address this bottleneck by improving the productivity of ontology engineers. Deconstructing the complicated task of ontology building into tiny problems that can be solved by a wider community also offsets the limited availability of domain experts. Web-based interfaces with simple and rapid user feedback mechanisms will generate additional semantic knowledge while browsing the content repository with minimal cognitive effort on behalf of the user.
An integrative view of these data sources will help create a commonly agreed climate change ontology. For non-expert users, however, searching and navigating within ontologies tends to be difficult. The visual interface will address this issue and facilitate intuitive high-level access to the content in the knowledge base.
Outlook and Conclusions
This paper introduced the Climate Change Collaboratory, a Web-based platform to encourage and study the discourse on climate change, and to create a shared understanding of climate change issues.
The main innovations of the presented collaboratory are (i) providing an integrated view on climate change resources, (ii) interfaces to semi-automatic ontology learning and evaluation standardizing the used terminology between the stakeholders, (iii) evaluating these approaches by applying games with purposes, and (iv) supporting stakeholders in communicating and collaborating by using the Climate Change Collaboratory as a focal point for the exchange and creation of information on global climate change.
Analyzing the discourse and identifying social determinants is essential to obtain an unbiased view on the topic of climate change, which will promote well-informed and responsible policy making and hopefully help to close the gap between scientific studies on the effects of climate change and the decision making of the involved stakeholders.
